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The present research indicates that the various procedures utilized in the study of the
hematopoietic systems of the higher classes of the vertebrates are applicable, with some
modifications, for the study of the hematology of the poikilotherms. A description is
presented of the peripheral blood cell constituents, with an emphasis on the distinction
of the various stages of development of the erythrocytic and leucocytic series, reflected by:
changes in the nuclear chromatin, location, size and shape of the nucleus, size and shape
of the cell, and the state of cytoplasmic basophilia.

One of the aims of this study was to examine some aspects of the erythrocytic system
in the normal, bled, and mechanically stressed bullhead catfish. Values were determined
for red cell, white cell, reticulocyte, differentials, hematocrit, hemoglobin, and the erythro-
cyte corpuscular constants. Statistical analyses indicate a significant difference in the red
blood cell count, white blood cell count, reticulocyte count, and mean corpuscular volume
after bleeding. The evidence supports the view that there is a physiological control, possibly

hormonal in nature, responsible for blood cell formation in different species of fish.

INTRODUCTION

r I ~\ HERE IS A NEED for additional informa-
tion concerning the morphological and
physiological characteristics of the blood

of different fishes. The suitability of the catfish

as an experimental animal in hematology and
immunology has been clearly demonstrated in

investigations conducted by Dawson (1935)

and more recently by Chuba, et al. (1968);

Wiener, et al. (1968); Kuhns, et al. (1969);

and Baldo and Boettcher (1970).

The purpose of the present invcstigation was
to obtain more quantitative data relating to the
hematological parameters and morphology of
catfish blood. Careful selection was made of
methods previously used and in some cases a
few modifications were instituted to improve
upon specific procedures.
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The blood cell values obtained from these fish
may reliably be considered as representing the
normal blood picture of the brown bullhead with
the question as to a possible difference from
wild catfish being unlikely. In this connection,
it has been demonstrated that there were no
significant differences in the numbers of erythro-
cytes, hematocrit percentages, and hemoglobin
levels between the blood of wild and hatchery-
reared lake trout (Piper and Stephens, 1962)
and silver salmon fingerlings (Katz and Don-
aldson, 1950).

MATERIALS AND METHODS
Aquaria and Fish

A normal group of brown bullhead catfish
ranging in size from six to eight inches and
weighing less than 50 grams were maintained
in fiber glass tubs. A 365-gallon tub was found
to be sufficient to support 30 brown bullhead
catfish, if it was equipped with a filter system
and water pump to maintain a constant flow of
water, and two air lines for constant bubbling
of air through the closed water system. The tem-
perature, oxygen and pH of the aquaria were
measured and recorded daily in the morning.
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The temperature was maintained between 22°
to 25° C, the oxygen content was above 5 ppm,
and the pH was maintained between 6.3 to 8.5.
These Ievels have been recommended by several
fish hatcheries (Bureau of Sport Fisheries and
Wildlife, 1970; Darragh Company, 1970; and
Ralston Purina Company, 1970). The catfish
were maintained on a diet of freshly ground
beef, and fed daily in the morning. However,
the fish were starved for a period of at least 24
hours prior to handling, either for the purpose
of mechanically tagging, transfer to an experi-
mental 50 gallon tank, or blood sampling. Even
though sex determination of catfish is difficult,
an attempt was made following descriptions
outlined by some commercial fish journals
(American Fish Farmer, Bureau of Sport Fish-
eries and Wildlife, 1970).

Blood Letting

The unanesthetized bullhead was placed ven-
tral side up, held gently but securely by pressing
down the abdomen, just below the pectoral fins.
A 0.5 or 1.0 cc tuberculin syringe fitted with a
one inch 20-gauge needle, premoistened with a
3.8 percent solution of sodium citrate in Locke’s
isotonic saline, was oriented with the ventral
aorta and inserted gently into the heart, just
beneath the pectoral girdle. The syringe plunger
was gently pulled back until the desired quan-
tity of blood was obtained. If sufficient blood
was not obtained within 30 seconds after the
initial penetration, the syringe was withdrawn
and the fish was returned to the aquaria. Coagu-
lation of blood, which porbably occurs in the
pericardial cavity, could prevent the drawing of
the blood sample through the syringe needle
(Chuba, et al., 1968; Klontz, 1968; and Dupree,
1970). For repeated blood samplings of fish,
blood letting from the heart is recommended
(Dupree, 1970). Bleeding from the caudal fin
introduces the danger of destroying the caudal
vein and bacterial infection. Bleeding was always
performed during the same time in the morning
to avoid the complication of possible diurnal
variations.

It is important to note that 3.8 percent sodium
citrate was found to be the only anticoagulant
that did not destroy the cell morphology as seen
in the blood smear preparations. Following the
cardiac blood letting method outlined, fish can
be bled from 0.25 ml to 2.0 ml with no mortality.

Determination of Hematological Parameters

Absolute blood cell counts. Erythrocyte
counts were made by diluting one part blood
with 200 parts of Hayem’s solution in a red
blood cell diluting pipette, counting the cells in
the five smaller squares in a Spencer Bright-line
hemocytometer, and multiplying the total count
by 10* (Smith, ez al., 1952; Hesser, 1960; and

Klontz, 1968). For the white cell count Shaw’s
Avian solutions were used (Hesser, 1960; and
Klontz, 1968). Both solutions must be filtered
prior to use. Blood was drawn up to the 0.5 mark
of a red cell diluting pipette; Solution A was
added to fill the bulb of the pipette approxi-
mately one-half full and mixed. Next, the pipette
was filled to the 101 mark with Solution B. A
hemocytometer was used and the cells in the
four large squares were counted and multiplied
by 500. All the counts were made in duplicate
for each fish and averaged. The cell counts are
representative for each cu mm of whole blood.

Hematocrit determination. The hematocrit
was determined by the microhematocrit tech-
nique (Larsen and Sneiszko, 1961a). Blood was
collected in commercially prepared heparinized
capillary tubes and then centrifuged at a high
speed for five minutes. Each pair of tubes for
each fish was examined to determine the volume
of packed red blood cells.

Hemoglobin concentration determination.
Several procedures have been used to determine
the hemoglobin concentration in catfish blood
(Larsen and Snieszko, 1961b; and Larsen,
1964). The cyanmethemoglobin method has
been found to be constant and the first choice
for the use on catfish blood. A sample of 0.02 ml
blood was mixed with 5 ml of Drabkins solution
(Wintrobe, 1968). The amount of hemoglobin
was then determined spectrophotometrically (at
540 mu) against a commercially prepared stand-
ard solution of cyanmethemoglobin (Ortho
Diagnostics, Raritan, New Jersey). The hemo-
globin is reported as gm/100 ml whole blood
relative to man. Using this technique, the as-
sumption was made that fish hemoglobin under-
goes the same reactions with potassium-ferri-
cyanide solution as does mammalian hemoglobin
(Larsen and Snieszko, 1961b).

Absolute indices. The absolute indices were
calculated for the brown bullhead catfish as
follows: MCV (Mean Corpuscular Volume) in
Hematocrit (%) X 10

cubic microns = RBC (107/cu mm) MCH
(Mean Corpuscular Hemoglobin) in pico-
Hemoglobin (gm %) X 10
= ; MCHC
ErAMS = RBC (105/cu mm) ’
(Mean Corpuscular Hemoglobin Concentration)
MCH
in percent Weight/Volume = MOV

Reticulocyte values. A sample of blood was
drawn into a plain capillary tube. An equal
volume of a one percent Brilliant Cresyl Blue
solution in Locke’s isotonic saline was drawn
into the tube. The mixture was expelled and
thoroughly mixed on a piece of parafilm, then
taken back into the capillary tube for about five
minutes, mixed again and a small drop was then
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placed on a methanol cleaned slide to be
smeared. After smearing, the slide was air-dried,
fixed with absolute methyl alcohol and counter-
stained with Wright’s stain (Humason, 1967).
One thousand erythroid cells were counted per
slide under oil immersion with the aid of a
reticule and reported as per cent of reticulocytes.

Blood cell morphology. A drop of peripheral
blood mixed with 3.8 percent sodium citrate was
smeared on slides previously cleaned with 50
percent methanol, air-dried and fixed with abso-
lute methanol. The blood smear preparations
were then stained with Romanowsky stains: (1)
Benzidine stain, Wright’s, and Giemsa; (2)
Wright’s and Giemsa; and (3) May-Griinwald
and Giemsa. The smears were examined with an
oil immersion objective under 1000 X magnifi-
cation, and measurements were made with an
ocular micrometer.

All procedures were carried out under sterile
conditions.

RESULTS
Blood Parameters

In an attempt to determine the normal hema-
tological picture of the brown bullhead, seven
fish were mechanically tagged by caudal fin
clipping, transferred to a 50-gallon tank, and
bled 0.25 ml at two week intervals, thereby
allowing a comparison of the blood parameters
of individual fish. Similarly, 25 fish were selected
at random from a stock normal population,
measured, and bled 0.25 ml. The results of the
blood analyses and calculations for both groups
of fish are listed in Table 1, which shows the
total red cell numbers (RBC), total white cell
numbers (WBC), reticulocytes (percent per 100
erythroid cells), hematocrit values, hemoglobin
concentrations, Mean Corpuscular Volume
(MCV, cu u), Mean Corpuscular Hemoglobin
(MCH, picograms, pg), and Mean Corpuscular
Hemoglobin Concentration (MCHC, percent).
The values are given as the mean, plus or minus
one standard error of the mean; the number of
fish used in each group is given in parenthesis.

Blood Cell Morphology

Compared to the cells of the erythrocytic
series, the identification of the leucocytic series
in fish is difficult, especially when attempts are
made to discriminate between the granulocyte
and agranulocyte. Furthermore, it is even more
difficult to distinguish the young granulocytes
and agranulocytes from the cells of the throm-
bocytic group.

The reported descriptions of the agranulo-
cytes in fish are in disagreement, Yuki (1957,
1958) has attempted to resolve the discrepancy
in classification of the young and transitional
cells in the monocytic and granulocytic groups

in rainbow trout.

The difficulty in the task of correctly distin-
guishing thrombocytes and small lymphocytes
lies in the fact (Saunders, 1968b) that some fish
species have only mature thrombocytes in their
peripheral circulation, while in others both ma-
ture and transitional cells can be found.

The following blood cells were detected in
the peripheral blood of the brown bullhead:
basophilic erythrocytes, reticulocytes, mature
erythrocytes, senile or senescent erythrocytes,
“nuclear shadows™ or basket cells, round lym-
phocytes, elongated thrombocytes, round throm-
bocytes, fusiform or spindle-shaped thrombo-
cytes, monocytes, neutrophils, eosinophils,
macrophages, and hemocytoblasts. The enucle-
ate erythrocyte or erythroplastid, which arises
from the pinching off of a cytoplasmic portion
of an erythrocyte, was occasionally found in the
peripheral smear preparations but was not con-
sidered to be indicative of a blood dysfunction.
No basophils were seen in any of the blood
smear preparations examined.

The terminology of the cellular components
of the brown bullhead used in this paper coin-
cides with those proposed by Jakowska (1956);
Chlebeck and Phillips (1969); Yuki (1960,
1963); Srivastava (1968); and Saunders (1967).

The erythrocytic series. The basophilic eryth-
rocyte is slightly oval in shape, containing a
centrally located, round nucleus. The size and
shape of the basophilic erythrocyte varies, de-
pending on the stage of polychromasia. The cy-
toplasm assumes a bluish-gray color and the
nuclear fine chromatin architecture takes on a
light purple color with both benzidine and
Romanowsky staining. The cell size measures in
the range of 9u X 6p to 11p X 8u, and the
nucleus is 3p to 4p in diameter. As with the
basophilic erythrocyte, the slightly oval-shaped
reticulocyte also varies in size, measuring in the
range of 6p X 5u to 10 X 8y, and its centrally
located round nucleus measures 3p to 4p in
diameter. The fine network of reticulum is
clearly seen in a homogeneous pink cytoplasm,
if the blood is mixed with a one percent solution
of Brilliant Cresyl Blue before staining with
Wright's stain.

The circulating normal mature erythrocyte
has smooth margins and is predominantly ellip-
soidal to oblong in shape and contains a cen-
trally located round nucleus, 2p to Sp in diame-
ter. The round erythrocyte measures from 8y to
10p in diameter and the ellipsoidal to oblong
cell measures 1lp X 7p to 13p X10p. The
homogeneous cytoplasm of this mature cell takes
on a pale green color and the nuclear thick
chromatin-interchromatin network assumes a
dark blue to violet color with benzidine and
Romanowsky staining.
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Senile or senescent erythrocytes are charac-
terized by a loss of the smooth intact cell mem-
brane and distended cytoplasm, which gives the
cell its variability in size and shape. The cell
measures 12y X 10p with an eccentrically lo-
cated variably-shaped nucleus, 5p to 7u in
length. In the most advanced stage of degenera-
tion, the nuclear membrane is no longer intact
and its inner contents extend into the distended
cytoplasmic portion of the cell. The cytoplasm
takes on a pale green color and the nuclear
clumped chromatin appears light blue or light
purple when stained with benzidine and Wright’s
stains.

In the disintegrated erythrocytes (‘‘nuclear
shadows” or basket cells), the cytoplasm is no
longer detected, and the cell therefore assumes
a pale pink color when stained with benzidine
and Romanowsky stains. An increase in the
number of these cells may be due to either
mechanical disruption during smear preparation
or an increase in the fragility of erythrocytes
which may be indicative of the numbers of se-
nescent erythrocytes in the circulating blood.
In some of the smear preparations highly re-
fractile red serum granules, 1 in diameter were
found either within the cytoplasm or along the
cell membrane of the erythrocyte. Highly re-
fractile vacuoles larger than 1y in diameter were
also observed in cells of the same smear prepara-
tions. This infrequent occurrence of cytoplasmic
inclusions may have been a result of the smear
preparation technique.

Hemocytoblast or Hemoblast. In the circula-
tion, this precursor cell measures from 8 to 12
in diameter. The centrally located large nucleus,
7u to 8u in diameter, with magenta-stained
chromatin filaments and nucleoli, comprises al-
most the entire volume of the cell. The cyto-
plasm stains a deep blue with a Romanowsky
stain. The hemocytoblast cell is the only direct
derivative of the mesenchyme cell and differenti-
ates into the leukogenic and erythrogenic cell
series.

Lymphocytes. The round lymphocyte varies
in size from Sy to 7 in diameter. Its round
deeply basophilic nucleus with condensed chro-
matin comprises the entire volume of the cell.
When treated with Romanowsky stains, the deep
blue-purple to violet colored nucleus appears to
be surrounded by a thin rim of a light pale blue
cytoplasm. The irregular cellular outlines of
cytoplasmic pseudopods characteristic of these
cells are indicative of the lymphocyte’s relatively
rapid locomotion in the circulation. Vacuoles
were not observed in these cells, however, in
some instances red-colored azurophilic granules,
about 1y in diameter, approximately 20 per cell,
were observed in the cytoplasm.

Thrombocytes. The brown bullhead contains

elongated, round, and spindle or fusiform-
shaped thrombocytes, some with pointed cyto-
plasmic terminal processes at one or both ends
of the cell. The nucleus is centrally located and
varies in outline according to the shape of the
entire cell. The dimensions of the cell vary for
each type: elongated cell—10u X 4y to 14 X Sy,
nucleus 6p X 3u to 9u X 6p; round cell—
3p to 4y in diameter, nucleus 3y in diameter;
spindle or fusiform-shaped cell—5u X 3p to
9u X 3p, nucleus 4p X 3u. The very deep
magenta to purple-stained compact nuclear
chromatin is characteristic of the round and
spindle shaped thrombocyte. In the elongated
thrombocyte, the nuclear fine chromatin-inter-
chromatin network takes on a magenta to purple
color with Romanowsky stains. The nucleus of
the thrombocyte in each of the above mentioned
cells is surrounded by a homogeneous very pale
blue to colorless cytoplasm, indicating the ab-
sence of basophilia. No granules or vacuoles
were observed in the cytoplasm in any of the
smear preparations, and nuclear indentations of
the mature thrombocyte were not a frequent oc-
currence. Based on the fine network of nuclear
chromatin and the slightly deeper blue cyto-
plasmic color, however, contrary to other in-
vestigators (Andrew, 1965), it is our belief that,
in the brown bullhead, the elongated cell is the
immature thrombocyte.

Granulocytes. The neutrophil is the predomi-
nant granulocyte in the circulating blood of the
bullhead. It possesses an abundant clear pale
blue to colorless cytoplasm surrounding an ec-
centrically located polymorphic magenta-stained
nucleus. The mature neutrophil ranges from 10p
to 17p in length, with a nucleus measuring from
4p to 10p in length. The loosely woven thread-
like chromatin pattern of the nucleus may be
round, kidney-shaped, ribbon-like, or more or
less segmented in shape.

Eosinophils do not appear to be a frequent
occurrence in the circulation of all brown bull-
heads. These large granulocytes, 10p to 15u in
length, appear to be round to oval in shape. The
relatively small, eccentric magenta-stained nu-
cleus with clumped chromatin measures from
4p to 6p in length. The characteristic highly
refractile eosinophilic red-orange granules,
smaller than Iy in diameter, averaging about
25 per cell, are dispersed throughout the color-
less cytoplasm.

Monocytes. Monocytes in the brown bullhead
vary in shape and measure 7 to 14 in length.
The magenta-colored eccentrically-located nu-
cleus is polymorphic in nature, ranging in shape
from round, kidney, or bilobed and in size from
4y to 8u in length. The abundant cytoplasm of
this mature circulating cell takes on a dull gray-
blue color with Romanowsky stains. In a few
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smear preparations, azurophilic granules, smaller
than 1p in diameter, appear in the cytoplasm.
The occurrence of vacuoles in the cytoplasm is
also infrequent.

Macrophages. The macrophage in this species
of catfish is a very large highly vacuolated cell,
frequently containing cellular debris. The ap-
pearance of the nucleus depends on the age of
the cell. The very old cell contains a small dis-
tinct mass of magenta-stained clumped chroma-
tin. In the younger cells, measuring 27u to 31p
in length, the variably shaped nucleus is 6 to
10 in length. The cytoplasm in Romanowsky-
stained blood smears takes on a dull gray color.

DiscussioN

The erythrocyte count, hematocrit, and hemo-
globin values of the brown bullhead reported
here compare favorably with those reported by
Haws and Goodnight (1962), Table 2. Although
there were no significant differences in the hema-
tocrit or hemoglobin concentration values, sta-
tistical analyses indicate a significant difference
in red blood cell count, white blood cell count,
reticulocyte count at 17 days after bleeding the
seven individual fish (P = 0.05). There is also
a trend of an increase in the MCV which is to
be expected if there is a depletion of the reticu-
locyte compartment resulting in a red blood cell
population consisting predominantly of mature
erythrocytes.

The differences observed in the reported
values cannot be attributed to any change in the
temperature, oxygen level, or pH of the experi-
mental tank, since these values did not alter
significantly during the time interval in which
the seven tagged fish were housed.

The hematological values obtained for the
group of randomly selected 25 fish are given in

Table 1. The most striking difference is observed
in the total white blood cell values. This dif-
ference may be accounted for by the stressed
condition to which these fish were subjected
when the fish were individually caught for blood
sampling. In fact, the differential counts of the
individual fish of this group show a definite
tendency towards a decrease in lymphocyte
count and an increase in thrombocyte count as
the fish were subjected to stress for a longer
period of time (Table 3). Consequently, the
mean differential values for the group of seven
fish differ significantly from those for the group
of 25 fish. Otherwise, the differential counts of
both groups are comparable (Table 3).

Studies with the killifish conducted by Pick-
ford, et al. (1971a, 1971b, 1971¢c) have shown
a definite correlation between stress and changes
in the abundance of circulating leukocytes, as
shown by alternating sequences of leukopenia
and leukocytosis. The typical sequence of re-
covery was described as follows: leukopenia at
three min, leukocytosis at 15 min, leukopenia
at 30 to 60 min, leukocytosis at 2 hrs, followed
by a gradual return to normal.

The only other differential analysis reported
for catfish blood has been for the channel cat-
fish species, Ictalurus punctatus (Dodgen and
Sullivan, 1969). Their findings are comparable
with those reported in Table 3, in that the pre-
dominant cell found in the peripheral circula-
tion is the lymphocyte.

Differential counts for other species of fish
have also reported the lymphocyte as the pre-
vailing white blood cell form, e.g., pike (Mul-
cahy, 1970), goldfish (Watson and Shech-
meister, 1963; Weinreb, 1963), and Killifish
(Pickford, et al. 1971a). This is in contrast to
studies done by Saunders with 121 species of

TABLE 1. THE HEMATOLOGICAL PARAMETERS OF THE BROWN BULLHEAD CATFISH, Ictalurus nebulosus
(LE SUEUR).
The values are given as the mean, plus or minus one standard error of the mean. The number of fish used
in each group is shown in parenthesis.

RBC WBC Retics Hct Hb MCV MCH MCHC
106/cumm 103/cu mm % % gm/ 100 mi cup pg %
Group 1(7)

To 1.79 94.7 13.0 24.2 8.14 136.0 45.9 33.1
+0.067 + 3.6 + 0.70 + 0.59 =#0.39 + 3.60 22 8 + 1.9

T 1.47 71.9 7.13 23.2 7.84 160.8 54.2 33.1
17 days* +0.116 + 6.4 + 1.19 + 0.76 =*=0.31 + 8.11 + 2.6 + 1.0

T 1.44 65.6 4.92 24.7 6.42 172.2 44.7 25.7
27 days** +0.056 + 8.9 =+ 1.00 + 0.93 =0.21 + 5.88 + 1.8 + 0.60
Group II (25) 1.69 46.2 8.79 30.2 8.80 180.2 53.1 29.0
+0.051 + 2.8 =+ 1.02 + 1.00 =0.24 + 5.18 + 1.3 + 0.34

*# 17 days after first bleeding of 0.25 ml per fish.
*% 27 days after first bleeding of 0.25 ml and 10 days after second bleeding of 0.25 ml.
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marine fish of Puerto Rico (1966a), 50 species
of fish from the Red Sea (1968a), several
species of elasmobranchs (1966b), and Gardner
and Yevich (1969) with cyprinodontiform
species; here the thrombocyte was found to be
the predominant cell in differential counts of
blood smear preparations.

SUMMARY

A study was made of the hematological
parameters and blood cell morphology of a
normal population of brown bullhead catfish
presented with the intent that these would serve
as baseline figures for comparison with values
obtained from fish that had been subjected to
various forms of hypoxia and other stresses.

The changes in hematological values obtained

TABLE 2. COMPARISON OF PRESENT RESULTS WITH
THOSE OF HAWS, et al. IN THE BROWN
BULLHEAD CATFISH.

Mean (Range)

Erythrocyte counts:

10¢ cells/cu mm

Weinberg, et al. 1.69 ( 0.144- 1.74)

Haws, et al. 1.22 ( 0.75 — 1.94)
Hematocrit (% )

Weinberg, et al. 27.2 (23.0 -31.2 )

Haws, et al. 27.9 (15.0 -47.0 )
Hb in gm/100 ml

Weinberg, et al. 8.8 (7.6 -10.0 )

Haws, et al. 6.9 (4.0 -10.0 )
Erythrocyte length

()

Weinberg, et al. — (9.0 -13.0)

Haws, et al. - (114 =159 )
Erythrocyte width

(w)

Weinberg, et al. - (7.0 -10.0 )

Haws, et al. - (7.6 -114)

as a result of blood letting indicated that re-
covery from an induced state of anemia did not
occur before 17 days post bleeding.

Further research is being conducted on the
hematological parameters and blood cell mor-
phology of other species of fish, and the physio-
logical control of blood cell formation in dif-
ferent species of fish is presently being examined.
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